Pseudomonus azotocolligans" ATCC 12417T (T = type strain), which was described as a diazotrophic bacterium, was reinvestigated to clarify its taxonomic position. 16s ribosomal DNA sequence comparisons demonstrated that this strain clusters phylogenetically with species of the genus Sphingornonas and represents a new species. The results of investigations of the fatty acid patterns, polar lipid profiles, and quinone system supported this placement. The substrate utilization profile and biochemical characteristics displayed no obvious similarity to the characteristics of any previously described species of the genus Sphingomonas. The new name Sphingomonus trueperi is proposed on the basis of these results and previously published data for the G+C content of the genomic DNA and the polyamine pattern. 582 NOTES INT. J. SYST. BACTERIOL. S. pauclmobllls S. asaccharolytlca S. irueperi 0.05 S. mall / S. prunl Rhlzomonas S. chlorophenollca suberlfaclens Brevundlmonas dlmlnuta S. terrae S. rosa S. macrogoltabldus Erythrobacter neustonensis \ Agrobacterlum longus tumefaclens FIG. 3. Unrooted dendrogram showing the estimated phylogenetic relationships between s. trueperi and other species of the genus Sphingomonas as derived by evolutionary distance calculations from pairwise comparisons of nearly complete 16s rRNA gene sequences, including the Jukes-Cantor correction factor.
In a study of nitrogen-fixing soil bacteria, Anderson (la) described a-diazotrophic, polarly flagellated, rod-shaped organism and proposed the name "Pseudomonas azotocolligans" for it. Only one strain was placed in "P. azotocolligans," and this strain was deposited in the National Collection of Industrial Bacteria as strain NCIB 9391T (T = type strain). However, the name "P. azotocolligans" has not been validated. The G + C content of the DNA of this organism was determined to be 65.6 mol% (5), and, based on the detection of peritrichous flagella, De Ley ( 5 ) proposed that "P. azotocolligans" should be removed from the genus Pseudomonas. Subsequently, it was shown that this organism could not fix nitrogen (8). In the American Type Culture Collection catalog (l), strain NCIB 9391T is listed as a patent strain for the production of coenzyme Q-10. The major component in the polyamine pattern has been demonstrated to be sym-homospermidine (4). However, neither ubiquinone 10 nor sym-homospermidine is found in the species belonging to the genus Pseudomonas sensu strict0 (2, 4, 17) , as defined phylogenetically (6, 24) . The results of DNA-rRNA hybridization studies distinguished "P. azotocolligans" from the authentic Pseudomonas species and placed it close to the misnamed organisms Pseudomonas paucimobilis and Flavobacterium capsulatum phylogenetically (3, 7) . Recently, the latter two species have been reclassified as species of the genus Sphingomonas (25) , which now includes the following validly described species: Sphingomonas paucimobilis (type species of the genus), Sphingomonas adhaesiva, Sphingomonas asaccharolytica, Sphingomonas capsulata Sphingomonas chlorophenolica, Sphingomonas macrogoltabidus, Sphingomonas mali, Sphingomonas parapaucimobilis, Sphingomonas pruni, Sphingomonas rosa, Sphingomonas sanguis, Sphingomonas terrae, and Sphingomonas yanoikuyae (13, 15, 16, 21, 22, 25) . Phylogenetically, the species of the genus Sphingomonas form a rather homogeneous cluster that is also supported by several common chemotaxonomic features. Sphingomonads are characterized by the presence of ubiquinone 10, the presence of a unique sphingoglycolipid, the presence of 2-hydroxy fatty acids, the absence of 3-hydroxy fatty acids, and the presence of spermidine or sym-homospermidine as the major polyamine (4, 16, 17, 22, 25) .
Only one strain of "P. azotocolligans" is available in culture collections. We reinvestigated the taxonomic position of "P. azotocolligans" ATCC 12417T (= NCIMB 9391T = LMG 2142T = DSM 7225T), which was obtained from G. Auling (Institute of Microbiology, University of Hannover, Hannover, Germany). "P. azotocolligans" was characterized by analyzing the quinone system and the polar lipids by thin-layer chromatography (14, 23) , by performing a gas-liquid chromatographic analysis of the fatty acids (lo), by determining physiological and biochemical characteristics (9, 18) , and by determining the 16s rRNA gene sequence (15) and was compared to the previously established species of the genus Sphingomonas. "P. azotocolligans" contained a ubiquinone with 10 isoprenoid units in the side chain (ubiquinone Q-10) and a sphingoglycolipid. The overall polar lipid pattern of this strain was similar to the patterns determined for the other Sphingomonas species in that it includes phosphatidylethanolamine, phosphatidylglycerol, and diphosphatidylglycerol as the major compounds ( Fig. 1 ). Other lipids detected in "P. azotocolligans" were high levels of phosphatidyldimethylethanolamine and an unidentified lipid and minor levels of phosphatidylcholine, phosphatidylmonomethylamine, an unidentified glycolipid (GL2), an unidentified lipid, and two unidentified phospholipids (PL1 and PL3). This polar lipid profile clearly distinguished "P. azotocolligans" from the other Sphingomonas species (Table 1) .
Fatty acid methyl esters were extracted and prepared by the standard protocol of the Microbial Identification System (MIDI; Microbial ID, Inc., Newark, Del.). Extracts were analyzed by using a Hewlett-Packard model HP6890A gas chromatograph equipped with a flame ionization detector, an automatic sampler, an integrator, and a computer, as described previously (11). All Sphingomonas strains contained the fatty acids 16:0, summed feature 7 (18:l 07c, 18:l 09t, and/or 18:l 012t), and 14:O 20H, and all but four strains contained summed feature 4 (161 07c and/or 15:O is0 20H) ( Table 2) . These fatty acids have also been detected in previous studies (21, 22, 25) and are characteristic of all validly described species of the genus Sphingomonas. A more precise comparison of the results of this study with the results described by Yabuuchi et al. (25) and Takeuchi et al. (21, 22) methods of fatty acid extraction and analysis used. Table 2 shows that the type strains of Sphingomonas species exhibit considerable heterogeneity in their fatty acid profiles, which correlates with the heterogeneity found in the polar lipid profiles. The presence of 2-hydroxymyristic acid (14:O 20H) as the dominant hydroxylated fatty acid (0.8 to 18.8%) and the absence of 3-hydroxylated fatty acids are consistent with and confirm the results of other studies. However, the relatively high percentage of 2-hydroxymyristic acid described in previous reports (21, 22) could not be confirmed. S. terrae I F 0 1509gT was observed to contain 15:O 2 0 H as a second hydroxylated fatty acid, which could not be detected in the type strain of any other species. This finding has been described previously by Takeuchi et al. (21) . In contrast to the results of Takeuchi et al. (22) , no 15:O 2 0 H was detected in the type strains of S. pruni, S. asaccharolytica, and S. mali, whereas 16:O 2 0 H was detected in S. rnacrogoltabidus (in agreement with the results of Takeuchi et al. [21] ) and S. yanoikuyae (in agreement with the results of Takeuchi et al. [22] ) but not in S. mali and S. pruni (in contrast to the findings of Takeuchi et al. [22] ).
Furthermore, all strains were characterized on the basis of 87 biochemical and physiological characteristics as described previously (12), and the results are shown in Table 3 . Where possible, a detailed comparison was made with all previously published data (21, 22, 25) . Table 3 shows that nearly all test results which could be compared directly with data from previously published papers were confirmed. However, it should be noted that acid formation from various sugars often resulted in very weak positive results; these test results should be interpreted with care. Table 3 shows that the species described in this paper, Sphingomonas trueperi, can be differentiated from all other Sphingomonas species on the basis of the results of several tests. Additional biochemical characteristics of S. trueperi are given below. A numerical analysis of the data was performed by using the simple matching coefficient and the Jaccard coefficient (S,) (20), and phenograms were generated by using the unweighted pair group with mathematical average (UPGMA) algorithm. Similar phenograms were generated with the two coefficients. The results of the UPGMA-S, analysis are shown in Fig. 2 .
A nearly complete 16s rRNA gene sequence (nucleotide positions 28 to 1524; Escherichia coli numbering) of "P. azoto-~olligans,'~ comprising 1,442 nucleotide positions, was determined by PCR amplification and direct sequencing of the PCR-amplified 16s ribosomal DNA (rDNA). A comparative analysis and estimation of phylogenetic relationships demonstrated that "P. azotocolligans" clusters within the genus Sphingomonas and is most closely related to S. paucimobilis, S. parapaucimobilis, S. sanguis, and S. adhaesiva (Fig. 3 ). However, a comparison of levels of 16s rDNA sequence similarity (Table  4) revealed that "P. azotocolligans" represents a distinct species of the genus Sphingomonas. The levels of sequence similarity between the 16s rRNA genes of "P. azotocolligans" and other Sphingomonas species ranged from 95.8% (with the sequence of S. paucimobilis and with the nearly complete sequences of S. 
--PME, phosphatidylmonomethylethanolamine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol, PDE, phosphatidyldimethylethanolamine; PC, phosphatidylcholine; SGL, sphingoglycolipid; APL1, unidentified aminophospholipid; PLl, PL2, and PL3, unidentified phospholipids; GL1, GL2, GL3, and GL4, unidentified glycolipids; L1 and L2, unidentified lipids. . , present in major amounts; 0, present in minor amounts; -, not detected. For unsaturated fatty acids the position of the double bond is located by counting from the methyl (w) end of the carbon chain. cis is indicated by the suffix c. Summed features are groups of two or three fatty acids that cannot be separated by gas-liquid chromatography with the MIDI system. Summed feature 4 contained one or more of the following fatty acids: 16:l w7c and 15:O is0 20H. Summed feature 7 contained one or more of the following isomers: 18:l 07c, 18:l w9t, and 18:l w12t (trans isomers are indicated by the suffix t). mali, S. pruni, and S. asaccharolytica, which were determined in this study) to 90.8% (with the sequence of S. capsulata). These data demonstrate that "P. azotocolligans," as well as S. mali, S. pruni, and S. asaccharolytica, are located on the S. paucimobilis phylogenetic branch (Fig. 3) . "P. azotocolligans" and other species belonging to the S. paucimobilis branch (Fig. 3) , including S. pruni and S. mali, have been shown to contain symhomospermidine as their major polyamine (4, 18, 22). In contrast, S. asaccharolytica has been described as containing spermidine as the predominant compound (22). A reinvestigation of the polyamine pattern of S. asaccharolytica, performed under standardized conditions as described previously (4), revealed that this species also contained the major compound sym-homospermidine (56.2 pmol/g [dry weight]), whereas spermidine (3.6 pmol/g [dry weight]) and spermine (1.2 pmol/g [dry weight]) were present only in minor amounts. As other branches in the genus, represented by S. capsulata, S. terrae, and S. yanoikuyae (Fig. 3) , were characterized by having spermidine as the major polyamine in an amended description of the genus, the presence of sym-homospermidine may be a characteristic of the genus Sphingomonas sensu strict0 (that is, the species that cluster with S. paucimobilis, the type species of the genus).
The substrate utilization profiles and the results of the biochemical investigation demonstrated the separate position of "P. azotocolligans." These results, combined with previously published data, justify a proposal that "P. azotocolligans" should be described as a new species of the genus Sphingomonas. However, the name "P. azotocolligans" did not appear on the Ap-proved Lists of Bacterial Names (19), nor has it been validated. As it has been demonstrated that "P. azotocolligans" lacks the ability to fix molecular nitrogen (8), it would be misleading to retain the species epithet. Therefore, we propose the new name Sphingomonas trueperi. The new Sphingomonas species is described below.
Description of Sphingomonas trueperi sp. nov. Sphingomonas trueperi (true'per.i. N. L. gen. n. trueperi, of Triiper, in honor of Hans G. Triiper, a German microbiologist, in recognition of his numerous contributions to the taxonomy of the Proteobacteria) is a gram-negative, rod-shaped, non-spore-forming, motile, peritrichously flagellated organism (5). Colonies are yellow, circular, entire, low convex, and smooth. Growth occurs in the presence of 10% sodium chloride and 0.02% sodium azide. ' Data are in agreement with the data of Takeuchi et al. (19) .
Test results were determined after 72 h of incubation at 30°C. ' Acid formation from carbohydrates in most cases was very weak (even after prolonged incubation); these tests cannot be recommended for differentiation. The type strain is strain NCIMB 9391 (= ATCC 12417 = The 16s rDNA sequence has been deposited in the EMBL LMG 2142 = DSM 7225).
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